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Abstract. The aim of study was to evaluate the influence of different levels of dietary 
protein on broiler performance and carcass characteristics from 1-42 days. One-day-old unsexed Cobb 
500 broilers (n=600) were randomly assigned in 3 groups with 4 replications per treatment. The diets 
were formulated to contain 3 levels of protein: high protein (HP), medium protein (MP) and low 
protein (LP). The diets were isocaloric, with similar content of digestible sulphur amino acids, lysine, 
calcium and available phosphorus. In overall periods weight gain (WG) in the HP diet was higher with 
4.28% and in the LP diet were lower by 4.44% vs. MP (P<0.0001). Feed conversion ratio (FCR) in 
overall period in the HP diet was reduced with 3.96% and in the LP diet was increased with 4.95% vs. 
MP (P<0.002).  
The feed intake (FI) was not influenced by the dietary protein level during overall period. 
Carcass yield and the percentage of broilers liver were not affected by the dietary protein level. Breast 
and legs yield were influenced by the dietary protein level, in LP diet was observed a decrease with 
4.10% (P<0.04), respectively 4.47% (P<0.0001) vs. MP diet. The HP diet produced carcasses that 
contained lower levels (2.49%; P<0.0001) of abdominal fat than the LP diet (2.78%; P<0.0001).  
We concluded that the dietary protein level influences significantly the performance (weight 
gain, feed conversion ratio) and carcass parameters (breast and legs yield, abdominal fat) of broilers. 
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INTRODUCTION 
 
 Dietary protein level has major effects on performance and carcass composition 
conditioning the deposition of broiler meat (Firman and Boling, 1998). The scientific 
information available regarding the effect of different crude protein (CP) levels in isocaloric 
diets on broiler performance and body composition is controversial. Diverse studies suggest 
that it is possible to reduce the level of dietary protein without any disturbance on 
performance, whereas an appropriate level of the essential amino acids (EAA) is provide 
(Kidd et al., 1998; Lemme et al., 2004; McGill et al., 2012).  
However, other studies reported that the performance of broilers and carcass quality 
often declines when the crude protein level is further reduced even though all known EAA 
requirements are satisfied (Aletor et al., 2000; Bregendahl et al., 2002; Jiang et al., 2005; 
Namroud et al., 2008; Si et al., 2004; Waldroup et al., 2005). Additional research on this 
subject is needed to understand broilers response.  
The aim of study was to evaluate the influence of different levels of dietary protein 
on broiler performance and carcass characteristics from 1-42 days. 
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MATERIALS AND METHODS 
 
Birds were treated in accordance with Romanian law no. 305/2006 (OM no. 
685/2006) regarding handling and protection of animals used for experimental purposes.  
Birds and housing. The trial was performed in the experimental farm of the 
INCDBNA-Balotesti in an environmentally controlled house. One-day-old unsexed Cobb 500 
broilers (n=600) were randomly assigned in 3 groups with 4 replications per treatment (50 
broilers/replicate). Each group and replicate was kept in pens (2.5 m x 0.8 m) with wood 
shavings. The initial temperature was 33°C and it was weekly reduced by 3°C, according to 
breeding standards. Chickens vaccination was carried out according to the usual schedule. 
Lighting schedule was 23h light:1h darkness. Feed and water were provided ad libitum, 
except during 12 h prior slaughter when feed was withdrawn.  
Experimental diets. The feed ingredients used for the formulation of experimental 
diets and the diets were analyzed for dry matter (DM), crude protein (CP), ether extract (EE), 
crude fiber (CF), crude ash (CA), amino acids (AA), calcium (Ca) and phosphorus (P) 
contents. The DM was determined by gravimetric method (SR ISO 6496:2001). The CP was 
determined using a semiautomatic classical Kjeldahl method (SR EN ISO 5983-2:2009). The 
EE was extracted using an improved version of the classical method by continuous extraction 
in solvent (SR ISO 6492:2001). The CF was determined with a classical semiautomatic 
Fibertec-Tecator method (SR EN ISO 6865:2002) and the CA by gravimetric method (SR EN 
ISO 2171:2010). These standards are according to Commission Regulation (EC) no. 152/2009 
(Official Journal of the European Union, 2009). Amino acid concentrations were determined 
using HPLC Thermo Electron system (Thermo Electron Ltd., Cambridge, UK). The Ca 
content was determined by an atomic absorption spectrometer (Thermo Electron–Solaar M6 
Dual Zeeman, Cambridge, UK) and the P content was determined by spectrophotometry using 
an UV-Vis spectrophotometer Jasco V-530 (Tokyo, Japan).  
The diets were formulated to contain tree levels of protein: high protein (HP; 24, 22 
and 20%), medium protein (MP; 22, 20 and 18% according to Cobb-Vantress, 2008) and low 
protein (LP; 20, 18 and 16%), for the growth stage: starter, grower and finisher (Tab. 1). All 
diets were based on corn, wheat, soybean meal, camelina meal, corn gluten and synthetic 
methionine and lysine. The diets were isocaloric, with similar content of digestible sulfur 
amino acids, lysine, calcium and available phophorus (Cobb-Vantress, 2008). Diets were 
provided in mash form.  
Data collection. Evaluated parameters were weight gain (WG), feed intake (FI), feed 
conversion ratio (FCR), protein efficiency ratio (PER), mortality and carcass parameters 
(percentage of carcass yield, breast, legs, abdominal fat and liver).  
Weight gain and FI were recorded at the end of each growth phase, and for the 
overall experimental period and FCR was calculated using these data. The PER was 
calculated as grams of weight gain per gram of protein intake. The broilers mortality was 
recorded to make necessary corrections in calculating FI and FCR during the entire 
experiment.  
At 42 days of age, 5 broilers from each replicate were randomly selected for carcass 
evaluation. The broilers were weighed, killed by cervical dislocation, bleed, and feathers were 
removed. The weight of the carcass (without feathers, blood, organs, intestines, head, and legs 
below the hock) was determined. Percentage carcass yield, breast and legs (with skin and 
bone), abdominal fat and liver were calculated based on live body weight.  
Statistical analysis. All data were analyzed using the GLM procedure of SPSS (IBM 
SPSS Statistics version 20.0). One-way analysis of variance (ANOVA) with the post hoc 
Tukey's multiple comparison test was used to evaluate statistical significance of differences 
 268 
 
between the groups. The results were express as means with standard error of the mean 
(SEM) and was considered statistically different at P<0.05. Replication was considered as the 
experiment unit for determined performance.  
 
Tab. 1  
Ingredient and nutrient composition of broiler diets for grower phases (%) 
 
Starter (0-10 d) Grower (11-22 d) Finisher (23-42 d) Ingredients HP1 MP2 LP3 HP MP LP HP MP LP 
Corn 40.50 44.07 47.46 46.25 49.55 54.30 49.80 56.78 62.06 
Wheat 10.00 10.00 9.00 6.00 7.00 8.70 7.00 5.00 6.00 
Soybean meal 29.80 30.00 30.40 26.14 25.69 21.40 21.00 18.83 14.40 
Camelina meal 4.00 4.00 4.00 6.00 6.00 6.00 8.00 8.00 8.00 
Corn gluten meal 8.00 4.00 1.00 7.00 3.00 1.40 5.00 2.50 1.20 
Sunflower oil 2.70 2.80 2.90 3.65 3.65 2.90 4.38 3.90 3.10 
Monocalcium phosphate 1.70 1.70 1.70 1.80 1.80 1.80 1.64 1.65 1.67 
Calcium carbonate 1.71 1.71 1.71 1.60 1.60 1.60 1.49 1.49 1.51 
Salt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
Vitamin-mineral premix4 1.00 1.00 1.00 1.00 1.00 1.00 - - - 
Vitamin-mineral premix5 - - - - - - 1.00 1.00 1.00 
DL- methionine  0.06 0.15 0.23 0.05 0.15 0.21 0.10 0.17 0.24 
L- lysine HCl  0.17 0.21 0.24 0.15 0.20 0.33 0.23 0.32 0.46 
Coline HCl  0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
TOTAL 100 100 100 100 100 100 100 100 100 
Calculated composition6 (%) 
ME (Kcal/kg) 3000 3000 3000 3100 3100 3100 3200 3200 3200 
CP 24.00 22.00 20.00 22.00 20.00 18.00 20.00 18.00 16.00 
ME:CP ratio 125 136 150 140 154 172 160 178 200 
Lysine, total  1.23 1.23 1.23 1.13 1.13 1.13 1.06 1.06 1.05 
Lysine, digestible  1.08 1.09 1.09 0.99 0.99 0.99 0.95 0.95 0.95 
Met + cys, total  0.89 0.89 0.89 0.84 0.84 0.84 0.82 0.82 0.82 
Met + cys, digestible  0.81 0.81 0.81 0.77 0.77 0.77 0.75 0.75 0.75 
Calcium  1.00 1.00 1.00 0.96 0.96 0.96 0.90 0.90 0.90 
Available phosphorus  0.50 0.50 0.50 0.48 0.48 0.48 0.45 0.45 0.45 
Crude fiber 3.83 3.86 3.89 3.80 3.80 3.59 3.70 3.58 3.36 
Ether extract 6.12 6.24 6.39 7.47 7.56 6.95 8.70 8.39 7.74 
Analyzed composition (%) 
CP 24.04 22.21 19.82 22.26 20.18 18.17 20.07 18.16 16.21 
Lysine, total  1.231 1.229 1.227 1.132 1.128 1.129 1.057 1.054 1.056 
Met + cys, total 0.900 0.888 0.887 0.842 0.838 0.839 0.818 0.816 0.819 
Calcium  0.99 0.99 0.99 0.95 0.94 0.95 0.87 0.88 0.89 
Phosphorus, total  0.90 0.95 0.90 0.88 0.86 0.84 0.85 0.83 0.83 
Crude fiber 3.75 4.03 3.45 3.76 4.06 4.43 3.78 3.80 3.91 
Ether extract 4.78 4.98 5.52 6.76 6.76 5.42 7.02 6.28 6.03 
Note: 1HP-high protein; 2MP-medium protein; 3LP-low protein 
4Supplied per kg diet: retinyl acetate, 4.47 mg; cholecalciferol, 0.12 mg; DL-α-tocopheryl acetate, 80 mg; 
menadione sodium bisulphite, 4 mg; thiamine mononitrate, 4 mg; riboflavin, 9 mg; pyridoxine-HCl, 4 mg; 
cyanocobalamin, 0.020 mg; Ca-panthotenate, 15 mg; niacin, 60 mg; folic acid, 2 mg; Mn, 100 mg; Zn, 100 mg; 
Fe, 40 mg; Cu, 15 mg; I, 1.0 mg; Se, 0.30 mg; Co, 0.25 mg, lasalocid sodium, 60 mg. 
5Supplied per kg diet: retinyl acetate, 2.90 mg; cholecalciferol, 0.12 mg; DL-α-tocopheryl acetate, 50 mg; 
menadione sodium bisulphite, 3 mg; thiamine mononitrate, 2 mg; riboflavin, 8 mg; pyridoxine-HCl, 3 mg; 
cyanocobalamin, 0.015 mg; Ca-panthotenate, 12 mg; niacin, 50 mg; folic acid, 1.5 mg; Mn, 100 mg;  
Zn, 100 mg; Fe, 40 mg; Cu, 15 mg; I, 1.0 mg; Se, 0.30 mg; Co, 0.25 mg. 
6based on feed composition. 
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RESULTS AND DISCUSSIONS 
 
Productive performance. The effect of protein level on performance of broiler 
chicks during the grower phases and overall mortality are presented in Tab. 2. There was no 
significant difference (P>0.05) among treatments for WG during the starter and grower 
periods. But, in finisher and overall periods WG in the HP group was higher with 5.08%, 
respectively 4.28% and in the LP group were lower by 6.49%, respectively 4.44% compared 
to MP group; the differences between treatments was high significant (P<0.0001). 
The results of this experiment regarding WG in finisher and overall periods were in 
agreement with other studies (Bregendahl et al., 2002; Hussein et al., 2001; Jiang et al., 2005; 
Kamran et al., 2008; Kerr and Kidd, 1999a; Namroud et al., 2008; Si et al., 2004; Waldroup 
et al., 2005) who reported that broilers fed low CP diets supplemented with EAA had lower 
weight compared to those fed high and medium CP diet. The explanations for the variances in 
performance between low CP experiments were multiple including differences in the level of 
crude protein and amino acid fortification, dietary ingredients utilized, chosen amino acid 
requirements, as well as bird age and strain (Corzo et al., 2005). Moreover, Lemme et al. 
(2006) noted that a reason might be the relatively higher requirement of both essential and 
nonessential amino acids for maximum performance of today’s broiler strains.  
The feed intake was not influenced (P>0.05) by the dietary protein level during all 
the growth periods and overall experimental period. The results were in agreement with other 
researches (Bartov and Plavnik, 1998; Han et al., 1992; Hussein et al., 2001; Mc Gill et al., 
2012; Waldroup et al., 2005) that reported no difference in feed intake of broilers fed diets 
with different CP levels. Modulation of feed intake is not a consequence only of crude protein 
amount, but also of protein quality, meaning concentration and balance of amino acids. On 
the other hand, Cheng et al. (1997a,b) reported a significant increase in feed intake when the 
CP content of the diet was decreased from 24% to 22, 20 and 18%, in spite of EAA 
supplementation. Kidd et al. (2001) reported an increase in feed intake of chicks fed diets 
containing 19% CP as compared to those fed diets containing 22.5% CP. Bregendahl et al. 
(2002) found significantly increased feed intake of broilers fed 20% EAA supplemented diet 
as compared to those fed a 23% CP diet. Also, Namroud et al. (2008) reported that decreasing 
dietary CP at 19%, even with maintained EAA levels, increase feed intake.   
The feed conversion ratio during the starter and grower periods was no significant 
influenced by the dietary protein level (P>0.05). However, in finisher period FCR was 
significant influenced by the dietary treatments (P<0.003), in the HP group was lower by 
4.74% and in the LP group were higher with 7.58% compared to MP group. Similarly, in 
overall period FCR in the HP group was reduced with 3.96% and in the LP group was 
increased with 4.95% vs. MP group, the difference was significant (P <0.002). Similar results 
reported Ferguson et al. (1998) who found significant increase in FCR when CP was reduced 
from 21.5 to 19.6% at 6 weeks of age. Neto et al. (2000) also noted a 13% increase in FCR of 
birds fed 17% CP diets as compared to those fed 24% CP diet. Namroud et al. (2008) reported 
that decreasing dietary CP at 19%, even with maintained EAA levels, increased FCR. The 
increased FCR in these experiments might be the result of the birds fed low CP diets 
consuming more feed and growing more slowly.  
The protein efficiency ratio was increased in the LP group and decreased in the HP 
group vs. MP group (P<0.0001) as result of dietary protein level during grower phases and 
overall experimental periods. Utilization of dietary protein, as indicated by PER was 
improved in LP diets probably due to increased fat deposition. The results regarding PER 
were consistent with the other findings (Aletor et al., 2000; Cheng et al., 1997b; Kidd et al., 
2001; Waldroup et al., 2005; Widyaratne and Drew, 2011) who reported a significant increase 
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in PER with the reduction in dietary protein level. Also, Waldroup et al., (2005) noted that 
efficiency of protein use is not necessarily a desirable goal in terms of economic poultry 
production. Conversely, Kamran et al. (2008) reported a linear reduction in PER in broilers 
during the experimental periods as result of lowering the CP content in diets. But, in contrast 
to that study, the CP:ME ratio was kept constant in this experiment. No significant differences 
in mortality occurred due to dietary protein level. 
 
Tab. 2  
Effect of protein level on performance of broilers during grower phases  
and overall mortality1  
 
Item 
 
HP MP LP SEM P-value 
Starter (1-10 d) 
WG (g/broiler) 195.63 192.09 194.90 1.76 0.162 
FI (g/broiler) 264.47 263.65 261.40 3.22 0.936 
FCR (g feed:g gain) 1.35 1.37 1.34 0.019 0.637 
PER (g gain:g protein) 3.08c 3.31b 3.73a 0.08 < 0.0001 
Grower (11-22 d) 
WG (g/broiler) 552.99 536.12 528.93 3.54 0.087 
FI (g/broiler) 1090.59 1085.14 1080.19 3.20 0.458 
FCR (g feed:g gain) 1.97 2.02 2.04 0.009 0.062 
PER (g gain:g protein) 2.30c 2.47b 2.72a 0.05 < 0.0001 
Finisher (23-42 d) 
WG (g/broiler) 1432.87a 1363.59b 1275.05c 8.50 < 0.0001 
FI (g/broiler) 2886.94 2885.81 2898.46 37.89 0.991 
FCR (g feed:g gain) 2.01a 2.11b 2.27c 0.027 0.003 
PER (g gain:g protein) 2.48c 2.63b 2.75a 0.03 < 0.0001 
Overall (1-42 d) 
WG (g/broiler) 2181.49a 2091.80b 1998.88c 7.95 < 0.0001 
FI (g/broiler) 4241.99 4234.60 4240.05 39.64 0.997 
FCR (g feed:g gain) 1.94a 2.02b 2.12c 0.018 0.002 
PER (g gain:g protein) 2.34c 2.47b 2.62a 0.03 < 0.0001 
Mortality (1-42 d) % 1.48 1.41 1.38 0.02 0.15 
Note: abcMeans within row with no common superscripts differ significantly (ANOVA GLM; 
Tukey's test, P < 0.05); 1 Means of 4 replicates with 50 broilers from each replicate. 
 
Carcass characteristics. The results of carcass parameters are shown in Tab. 3. 
Carcass yield was not affected by the dietary CP level (P>0.05). Similar results have reported 
Khajali and Moghaddam (2006), Moran et al. (1992), Smith et al. (1998), Sterling et al. 
(2002, 2006). Contrary, other studies (Kerr and Kidd, 1999a; Rezaei et al., 2004) found that 
carcass yield of the birds fed low CP diets supplemented with EAA, was significantly 
decreased. 
Breast and legs yield were influenced by the dietary CP level, in LP group was 
observed a decrease by 4.10% (P<0.04), respectively 4.47% (P<0.0001) vs. MP. Similarly, 
Moran et al. (1992) observed a significant decrease in breast meat yield and increase in thigh 
yield with the reduction in CP level even when the EAA were at recommended levels. These 
results were in disagreement with the findings of Rezaei et al. (2004) and Sterling et al. 
(2002, 2006) who found no significant differences in the breast meat yield and thigh yield of 
the broilers when the CP level was reduced and formulated to satisfy the EAA needs. Also, 
Kerr and Kidd (1999ab) reported that lowering the dietary CP with AA supplementation had 
no effect on breast meat yield of broilers. Therefore, it may be concluded that, perhaps the 
breast and legs yield was decreased because the poor digestibility of amino acids, other than 
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those supplemented even is consider that lysine and methionine are exclusively used for 
protein accretion in the body and breast meat yield in particular (Baker et al., 2002; Si et al., 
2001).   
Abdominal fat was affected by dietary CP level, the HP diet produced carcasses that 
contained lower levels (2.49%; P<0.0001) of abdominal fat than the LP diet (2.78%; 
P<0.0001). The present results were in agreement with others researchers (Hai and Blaha, 
2000; Smith et al., 1998; Sterling et al., 2002) who observed that low CP diets resulted in a 
higher abdominal fat deposition, although were formulated to satisfy the needs of EAA. 
Rosebrough et al. (2002) showed that increase of CP could dramatically decrease in vitro 
lipogenesis. They suggested that a combination of mRNA stability and posttranscriptional 
events interact to regulate lipogenesis in the chicken. Namroud et al. (2010) concluded that 
reducing dietary CP increases fat accumulation partly by altering thyroid hormones 
metabolism.  
The liver is very important organ involved in metabolism and translocation of 
nutrients. Although, the increased liver weight were expected due to increased de novo 
lipogenic activity in the liver of low protein fed chickens (Namroud et al., 2008; Rosebrough 
and Steele, 1985; Swennen et al., 2006), the percentage of broiler liver was not affected by 
the dietary CP level. These results were in accordance with the findings of Cheng et al. 
(1997a) and Sterling et al. (2006). 
Tab. 3  
Effects of protein level on carcass characteristics of broilers1 
 
Item HP MP LP SEM P-value 
Carcass yield (%)2 71.09 70.82 70.71 0.22 0.80 
Breast (%) 17.78a 17.55a 16.83b 0.16 0.04 
Legs (%) 19.70a 19.42a 18.55b 0.15 < 0.0001 
Abdominal fat (%) 2.49b 2.58b 2.78a 0.04 < 0.0001 
Liver (%) 1.63 1.65 1.68 0.01 0.08 
Note: abMeans within row with no common superscripts differ significantly (ANOVA GLM; 
Tukey's test, P< 0.05); 1 Means of 4 replicates with 5 broilers from each replicate; 2based on live body weight. 
 
CONCLUSION 
 
The experimental results showed that the dietary protein level influences 
significantly the productive performance (weight gain, feed conversion ratio) and carcass 
parameters (breast and legs yield, abdominal fat) of broilers. Further research is needed to 
determine if the dietary protein level influences the quality of carcass composition and protein 
deposition.  
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